Elemental physiology of the ear teaches that normally the drum membrane is made convex peripherally and concave or funnel shaped centrally, by its attachment to the more mesially situated manubrium. and that the air pressures upon its two sides are approximately equal owing to free communication with the surrounding air, constant by way of the external meatus on the one side, and periodic by way of the eustachian tube upon the other.
The drum memhrane is then normally retracted, its central fibres are tensified and curved from the plane of the annulus toward the manubrium, and markedly toward the umbo.
Some confusion or carelessness exists as to the terminology of abnormal drum tensions, hyper and hypotension being used erroneously to denote respectively lack of or increased mobility of the drum. As a matter of fact, hypertension denotes immobility only in the sense of an increase in strain upon the drum; whereas lack of mobility mayor may not accompany such a strain. Likewise hypotension means a loss of tone or lowered strain upon the drum fibres so that increased mobility will coincide with such loss of tone only if there are not limiting adhesions, etc.
\Ve use the term retraction to indicate an abnormal sinking in of the tympanic membrane, and as this may be due to a relatively lessened air pressure upon its inner side, it has become an almost universal habit to think of the condition as diagnostic of negative middle ear air pressure, and of the relief experienced from inflations as due to the restoration of more equal pressures upon the two sides of the drumhead.
However, when we examine retracted drums, it is amazing to find that in but comparatively few instances can any negative air pressure in the tympanum be demonstrated. Even in marked cases, with great foreshortenings of the manubrium and prominence of the processus brevis and posterior fold, there may be no vacuum within the middle ear. * How, then,°are we to interpret retraction of the drum? I believe we may better understand the matter if we will give it a little thought along the lines I am about to indicateo
The walls of the eustachian tube, being soft and practically in contact for a considerable distance, are easily approximated more firmly by inflammatory or other~wellings in the mucosa or submucous connective tissues. \Vhen such occlusions of of the tube endure for some time, we are led to believe that there ensues sufficient air absorption from the middle ear and its connecting spaces to appreciably retract the drum. This inward negative pressure tensification may cause diminished hearing, often tinnitis, and at times vertiginous sensations. It also sucks together the walls of the tube (in like manner to the inspiratory effect upon the gill valve of a gas mask) and thus makes more permanent and firm the tubal closure.
If instead of or beside tissue swelling there is present an exuda,te in the tube, this fluid will not only tend to close the tube as such, but on account of its viscosity will cause the tubal walls to adhere, or as the direction of the cilia motion is pharynxwise and all transit through the tube can be demonstrated to be more easy in this direction (and for this reason) there will be instituted another cause for exhaustion of the tympanic air, namely, a suction brought about by the downward movement of the fluid. Depending upon the position of the head, gravity may aid or hinder this movement. I have been able to demonstrate only during deglutition and automatic movement of fluid from the middle ear into the tube.
Any lessening of pressure in the tympanum will cause the external atmospheric pressure to predominate, and the drum with its movable attachments will be forced inward. Two main factors, then, may operate to cause retraction of the drum after occlusion of the tube: First, absorption of middle *The method for determining air pressures behind the drum was described in detail last year before the American Laryngological. Rhinological and Otological Society and the Otologic Section of the A. 1\1. A. ear air; second, movement of the fluid contents ot the tube toward the pharynx, mainly by cilia motion, and exhaustion of the middle ear air by such hydraulic suction.
If the negative pressure is of sufficient strength, a fluid exudate is expected to fill the tympanum toa greater or less degree.
After failing to find any relative data in the modern or ancient literature, an attempt was made to determine the exact amount of negative pressure requisite to cause an exudate from mucous membranes. Small cupping glasses applied to the buccal mucous membrane gave no definite findings; in fact, different persons appear to be affected in varying degrees by like pressures. The Schneiderian membrane also gives various results under similar negative pressure in different persons. In hypertrophic rhinitis, an exudate is obtained after a short period of suction; in atrophic rhinitis but little effect can be produced even with strong suction (over 40 or 50 mm. Hg.) applied for long periods of time (one-half to one hour). This, of course, would be logically expected, and I believe similar lesions within the middle ear and tube may account for the ready, or tardy, or non-occurrence of serous or mucoserous exudates accompanying retraction of the drum membrane. In like manner, hypertrophic and atrophic otitis media must influence the ready, tardy, or nonoccurrence of air absorption.
Small negative pressures, then, do not cause an exudate into the middle ear; but from the observation of many cases I feel certain that only small negative pressures (5 to 20 mm. Hg. at most) accompany otitis, and that if there be caused marked retraction of the drum this cannot be due to their strength, but rather to the prolonged or oft-remittent presence of negative pressure, first weakening and then allowing of marked recession of the drum.
Positive external meatal or negative middle ear pressures up to 20 mm. Hg. depress the drum membrane but little compared to pathological retraction.
I have examined scores of cases with apparently a complete tubal closure, wherein no negative air pressure within the middle ear could be demonstrated by any of the methods I have described for check'ing this factor. There can be but one explanation for such a failure, namely, no appreciable air absorption is occurring in these cases. No other deduction seems tenable. Such cases also frequently show little retraction of the drum. Here again there is present no negative air pressure. It is obvious that when the tube is functioning normally, no negative pressure will long endure within the middle ear spaces, and no air absorption operate to retract the drum; but with open tubes marked permanent retractions of the drum are common.
There is some doubt as to just what constitutes a patent tube. I would say that a physiologically patent tube is one which will permit automatic ventilation of the middle ear, especially during swallowing, whether the air in the tympanum is of normal pressure or of lessened pressure due to prior deflation from any cause.
Another finding is that after firmly plugging the external meatus with various cereates, etc., no absorption of air from the external meatus may be demonstrable, perhaps even after days of waiting.
By showing how slow may be the air absorption from the body spaces, it is only necessary to remind you that it takes often 8 to 12 days to absorb 1,000 to 2,000 cc. from the peritoneal cavity, after inflations incident to X-ray diagnosis.
We may thus account for the failure of meatal plugs to effectively hold or pull the drum outward through air absorption. Has anyone ever examined a drum after subjection to the supposed suction from meatal plugs and found it other than in its previous retracted position? I think not. This failure occurs even when the tube is patent. Again, no appreciable air absorption has occurred from the tissues. The external meatus epithelium may be considered to approximate roughly an atrophic state of the mucous membrane of the middle ear. In such states it is reasonable to doubt the ready absorption of air.
Some one will say: \Vell, you will admit that the drum cannot be retracted without something holding it back. Yes, but, in a way, it may be. How, then?
For the same reason that a bowl is hollow, a section of pneumatic tire concave, a soft hat crinkly. There is insufficient tension at the periphery to maintain the fabric as a flat surface, and the redundant material must take a position to one side or the other of the peripheral attachments. Why, then, is the concavity of the drum usually outward, if there is no difference between the air pressures upon its two sides? Because: First, during the establishment of the retraction, portions of the drum become set in this position and so remain, unless forced outward by inflation or external meatal suction. In fact, slight increases in middle ear pressure may fail to cause local retracted portions of the drum membrane to bulge outward, and strong inflations to maintain bulging but for a few minutes, far too short a time to account for their collapse by air absorption on their mesial side; second, the tube, not functioning physiologically, there is a tendency to maintain in the middle ear a stationary air pressure. This tendency is often observed, not as an active force in increasing retraction but simply as a preventive of restoration to the centered position of a weakened drum. If there were present a measurable negative pressure, constant stretching of the drum and a constant increase in the retraction would occur; but that such need not be so is evident from the many cases which apparently remain for long periods in status quo. Third, adhesions or fibrous bands between any part of the middle ear and the retracted portion. These may be weak or elastic enough to admit of quite free movement of the membrane, and yet sufficient to cause its return to the retracted position upon removal of the replacing force. They may be difficult to demonstrate.
Of other causes for retraction, I will not speak at length at this time but, needless to say, of the utmost importance are adhesive processes, displacement of the ossicles, shortening of the tensor tendon, subluxations, stretching of the ligaments, etc. All these have, I believe, more to do with permanent retraction of the drum membrane than has air absorption. CONCLUSIONS. not synonymous with immobility of the Hypotension is not synonymous with inHypertension is drum membrane. creased mobility.
Air absorption may the drum membrane.
be the primary cause of retraction of It is never over a few millimeters (under 20) of negative pressure, greater in hypertrophic or congested states: practically nil in atrophic states, and in the latter seldom if ever the primary cause of exudate into the middle ear. It cannot operate with patent tubes or with perforations. It often is absent with closed tubes. It is usually unmeasurable except in active stages of tubal or middle ear congestion. The lesions accompanying retraction of the drum are of more importance from a clinical standpoint than is the negative pressure. Permanent retraction of the drum is seldom if ever due to the pressure of negative or diminished air pressure within the middle ear. This factor as an accompaniment or cause of drum retraction has been and still is greatly exaggerated.
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